We present the first evaluation of color dipole cross section from experimental data on diffractive photo-and electroproduction of vector mesons. The dipole-size and energy dependence of the found dipole cross section is consistent with expectations from the BFKL dynamics.
In the color dipole picture of high energy scattering [1, 2, 3, 4] the dipole cross section is as a fundamental quantity as the low x gluon structure function of the proton in the conventional parton model. The diffractive electroproduction of vector mesons
offers a unique window on the dipole cross section [5, 6, 7] . Here the crucial point is that
for the shrinkage of the transverse size of the virtual photon with the virtuality Q 2 , the 1S vector meson production amplitude probes the dipole cross section at the dipole size r ∼ r S , where the scanning radius equals [8, 9] 
with A = 6. Specifically, the amplitudes of production of the transversely (T) and longitudinally (L) polarized 1S vector mesons are of the form [8, 9] 
M T , and one can extract the dipole cross section from the vector meson production cross sections. For the alternative description of vector meson production at very large Q 2 in terms of the gluon structure function of the proton see [10, 11] .
In the present communication we report the results of the first evaluation of the color dipole cross section from the experimental data on real photoproduction and electroproduction of the ρ 0 , φ 0 and J/Ψ from the fixed target and HERA collider experiments. A nice consistency with color blindness of the dipole cross section is found. When one takes the same value of the scanning radius, the ρ 0 , φ 0 and J/Ψ production data yield close values of the dipole cross section. The results of the HERA experiments allow the first evaluation of energy dependence of the dipole cross section at different dipole sizes and confirm the prediction from BFKL dynamics that the smaller is the dipole size the faster is the rise of the dipole cross section [3, 12] .
One needs the probability amplitudes to find color dipole of size r in the photon and vector meson. Here we use the formalism introduced in [1, 5] and expounded in [9] . The spin independence of the dipole cross section leads to the s-channel helicity conservation.
In terms of the lightcone "radial" wave function φ(r, z) of theFock state of the vector meson and the color dipole cross section σ(ν, r), the imaginary part of the forward production amplitudes equals
where r is the transverseseparation in the lightcone meson, i.e., the dipole size, z is the fraction of the momentum of the meson carried by the quark,
N c = 3 is the number of colors,
for the ρ 0 , ω 0 , φ 0 , J/Ψ production, respectively, K 0,1 (x) is the modified Bessel function. In (3),(4) the dipole cross section enters at an effective value of the Bjorken variable
The normalization of production amplitudes is such that
Eqs. (3), (4) give the imaginary part of production amplitudes, one can easily include small corrections for the real part by the substitution [13] σ(x ef f , r) =⇒ 1
Many gluon containing higher Fock states qqg... are very important at high energy ν. The crucial point is that in leading log 1 x their effect can be reabsorbed into the energy dependence of σ(x, r), which satisfies the generalized BFKL equation ( [2, 3] , for the related approach see also [4] ). The color dipole factorization formulas (3), (4) follow from diagonalization of the scattering matrix in the (r, z) representation. Clearly, this factorization holds even when the dipole size is large, beyond the perturbative region of small sizes. Only the wave function of the lowestFock state enters color dipole factorization (3), (4) formulas. At large dipole size r one can identify φ(r, z), which is the probability amplitude to find the dipole of size r, with the constituent quark wave function of the meson and to develop a viable phenomenology of diffractive scattering which is purely perturbative for small size mesons and allows a sensible interpolation between soft interactions for large dipoles and hard perturbative interactions of small dipoles. Here the key property is the flavour independence of the pomeron exchange dipole cross section. The detailed description of parameterization of φ(r, z), which incorporates the hard-QCD short distance behaviour, is given in [9] . The parameters of the wave function were constrained to reproduce the generally accepted radii of vector mesons and the width of leptonic decays V → e + e − , they are listed in Table 1 .
Eqs. (3), (4) describe the pure pomeron exchange, which dominates at large values of the Regge parameter ω = 1/x ef f . At moderate values of ω = 1/x ef f a substantial part of the γp total cross section is due to the non-vacuum Reggeon exchange contribution. For instance, the Regge fit to the γp total cross section can be cast in the form [14] 
where the term A/ω ∆ in the factor f = 1 + A/ω ∆ represents the non-vacuum Reggeon exchange contribution, the Donnachie-Landshoff fit gives A = 2.332 and ∆ = 0.533. The similar Regge correction emerges also in real ρ 0 photoproduction amplitude. We do not know how large this non-vacuum contribution to the ρ 0 production is at large Q 2 , for the crude estimation we assume that the Reggeon/pomeron ratio scales with ω, which is not inconsistent with the known decomposition of the proton structure function into the valence (non-vacuum Reggeon) and sea (pomeron) contributions. Then, for the NMC kinematics we find f = 1.25 at ω ≃ 70 relevant to Q 2 = 3 GeV 2 and f = 1.8 at ω ≃ 9 relevant to
For the HERA energy range the non-vacuum Reggeon exchange contribution can be neglected due to a large value of the Regge parameter ω. In practical terms, we calculate the quantity dσ(γ
For the Zweig rule, one expects f = 1 for the φ 0 , J/Ψ, Υ production.
In the final form of amplitudes in (3), (4) we separated out the rapid dependence on Q 2 and/or scanning radius r S , and the so introduced coefficient functions g T,L are smooth functions of Q 2 . The possibility of such a local relationship between the production amplitude and the dipole cross section at a well defined dipole size r S is based on two observations: i)
, ii) the ratio σ(x ef f , r)/r 2 is a smooth function of the radius [3, 12] . For these reasons, the coefficient functions g T,L have only a weak sensitivity to the detailed shape of the dipole cross section. The gross features of σ(x ef f , r) are well understood and in [15] good quantitative description of the small-x structure function of the proton was obtained in the color dipole BFKL dynamics. The model dependence of g T,L can be evaluated using the low-energy and high-energy forms of σ(x ef f , r) described in [15, 9] , which have a markedly different r dependence. In Fig. 1 we present the Q 2 dependence of g T,L for different produc- as given by Eq. (2) (see also the discussion in [9] ). In (3),(4), the g T,L are so defined as to relate the amplitude to σ(x ef f , r S ) at the well defined scanning radius (2), reabsorbing the effect of small departure of A T,L from 6 into g T,L .
The experimentally measured forward cross production section section equals
The difference between α V,L and α V,T for the longitudinal and transverse cross sections and the overall effect of the real part is marginal and can safely be neglected compared to other uncertainties. Then, making use of the so determined g T,L , in terms of the experimentally measured forward production cross section we can write using Eq. (3), (4), (7) and (10) σ(x ef f , r S ) = 1
Here ǫ is the longitudinal polarization of the photon the values of which are taken from the corresponding experimental publications. In (11) f is the above discussed factor which accounts for the non-vacuum Reggeon contribution to the ρ 0 production, for the φ 0 and J/Ψ production, f ≡ 1. In the case the experimental data are presented in the form of the t-integrated cross section, we evaluate
= Bσ tot (γ * → V ) using the diffraction slope B as cited in the same publication. In Fig. 2 we show the results of such analysis of the low energy [16] and ZEUS [17] data on real photoproduction of the φ 0 , the NMC data [18] on electroproduction of the ρ 0 and φ 0 , the HERA results on real and virtual photoproduction of the ρ 0 (H1 [19] , ZEUS [20, 21, 22] ), fixed target data on real photoproduction [23, 24] and electroproduction [25] HERA data on real photoproduction and electroproduction confirms the prediction [3, 12, 9] of faster growth of the dipole cross section at smaller dipole size, although the error bars are still large.
The above determination of σ(x ef f , r S ) is rather crude for the several reasons.
i) First, the early EMC data on vector meson production are well known to have been plagued by a background from the inelastic process γ * p → V X. A comparison of the more recent NMC [18] and the EMC data [28] on the ρ 0 production suggests that the inelastic admixture could have enhanced the observed cross section by as large factor as ∼ 3 at to ∼ < 25% uncertainty in our evaluation of σ(x ef f , r S ), which is sufficient for the purposes of the present exploratory evaluation of σ(x ef f , r S ).
iii) There is also the above evaluated conservative ∼ <15% theoretical inaccuracy of our procedure.
iv) Finally, there is a residual uncertainty with the wave function of light vector mesons.
As a matter of fact, if the dipole cross section were known, then diffractive γ * p → V p must be regarded as a local probe of the wave function of vector mesons at r ≈ r S [7] , which may eventually become one of applications of vector meson production. To this end, the consistency of σ(x ef f , r) determined from different reactions indicates that wave functions of vector mesons are reasonably constrained by the leptonic width. Here we only wish to notice, that at high Q 2 and small scanning radius, the vector meson production cross section is ∝ Γ(V → e + e − ) and even the factor 2 uncertainty in this quantity corresponds to only ∼ < 40% uncertainty in the determination of the dipole cross section.
To summarize, within the above stated uncertainties of our simple procedure and the experimental error bars, there is a consistency between the dipole cross section determined from the ρ 0 φ 0 and J/Ψ production data. This is the first direct determination of the dipole cross section from the experimental data and our main conclusions on properties of the dipole cross section are not affected by the above cited uncertainties.
In Fig. 2 we show also the dipole cross section from the BFKL analysis [15, 9] , which gives a good quantitative description of structure function of the photon at small x. We conclude that the color dipole BFKL dynamics provides a unified description of the experimental data on diffractive production of vector mesons and on the proton structure function.
Conclusions. We presented the first determination of the dipole cross section from the experimental data on diffractive production of vector mesons. We evaluated the color dipole cross section σ(x ef f , r S ) at dipole size r S down to r S ≈ 0.2 f m and confirmed the theoretically expected rapid decrease of σ(x ef f , r S ) towards small r S . We found a remarkable consistency between the absolute value and the dipole size and energy dependence of the Table 1 : Values of the parameters R 2 , C and m q of the wave function of vector mesons [9] . and W = 150 GeV (solid curve). Fig. 2 The dipole size dependence of the dipole cross section extracted from the experimental data on photoproduction and electroproduction of vector mesons: the NMC data on φ 0 and ρ 0 production [18] , the EMC data on J/Ψ production [23, 25] , the E687 data on J/Ψ production [24] , the FNAL data on ρ 0 production [16] , the ZEUS data on ρ 0 production [20, 21, 22] , the ZEUS data on φ 0 production [17] , the H1 data on ρ 0 production [19] and the average of the H1 and ZEUS data on J/Ψ production [26, 27] .
The dashed and solid curve show the dipole cross section of the model [15, 9] evaluated for the c.m.s. energy W = 15 and W = 70 GeV respectively. The data points at HERA energies and the corresponding solid curve are multiplied by the factor 1.5.
